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(54) Polymer battery 

(57) A polymer battery is herein disclosed which 
comprises a pair of electrodes for carrying out the 
receipt and release of electrons in accordance with an 
oxidation-reduction reaction of a compound to take out 
an electric energy, and an electrolyte, a solid electrolyte 
or a gel electrolyte, wherein as a compound constituting 
the electrodes, a 7c-conjugated polymer including a 
nitrogen atom and/or a quinone compound is used; as 
the electrolyte, the solid electrolyte or the gel electro- 
lyte, a compound containing a proton is used; and the 
receipt and release of the electrons in accordance with 
the oxidation-reduction reaction of the compound are 
carried out only by the bonding and elimination of the 
proton bonded to or coordinated with the nitrogen atom 
or the proton of a produced hydroxyl group under the 
control of a proton concentration and a working voltage. 
The thus constituted polymer battery enables rapid 
charge and discharge and is excellent in cycle proper- 
ties. 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention: 

[0001] The present invention relates to a polymer battery. 
2. Description of the Related Art: 

70 

[0002] Heretofore, as batteries for use in electronic equipment and the like, there have been used Ni-Cd batteries, 
silver oxide cells* mercury cells, lithium batteries and the like. However, materials for these batteries are harmful heavy 
metals and rare metals, and they have the problems of environmental pollution and resources. In addition, these mate- 
rials are not satisfactory in point of an energy density. In order to solve these problems. Japanese Patent Application 
75 Laid-open No. 161374/1980 suggests a battery in which an alkaline earth metal is used as a cathode active material 
and benzoquinone is used as an anode active material. 

[0003] Furthermore, as a battery In which an organic material is used for an electrode. Japanese Patent Application 
Laid-open No. 166529/1984 discloses a polymer battery using a polypyrrole or a polypyrrole copolymer. It is described 
therein that this battery can exert a good reversibility over 200 cycles or more of charge and discharge and the perform- 
20 ance of the battery does not deteriorate during this period, and an open circuit voltage scarcely deteriorates over 4 
months. 

[0004] Moreover. Japanese Patent Application Laid-open No. 62451/1 991 discloses an electrode for an aqueous sol- 
uble system battery which comprises a polyaniline polymer on which an organic dopant having a sulfonic group is 
immobilized. It is described therein that the movement of a proton which is a counter ion of the immobilized anionic 
25 organic dopant is only concerned with a charge-discharge reaction of this battery, and the anionic organic dopant does 
not move. Therefore, any mechanical stress of a polymer film caused by the movement of the anionic organic dopant is 
not generated, and as a result, more reversible electrode kinetics, a better chemical stability and a larger energy density 
can be brought. 

[0005] In the above-mentioned conventional technique, however, the anionic dopant must be Immobilized on the poly- 
30 aniline polymer, which increases a manufacturing step and hence a manufacturing cost. Similarly to other conventional 
electrodes, particularly, rapid charge and discharge as well as cycle properties still leave some room for improvement. 

SUMMARY OF THE INVENTION 

35 [0006] An object of the present invention Is to provide a polymer battery which enables rapid charge and discharge 
and which is excellent in cycle properties. 

[0007] The present inventors have intensively investigated with the intention of achieving the above-mentioned object. 

and as a result, the present invention has now been completed. 

[0008] That is to say, the first aspect of the present invention is directed to a polymer battery comprising at least a pair 
40 of electrodes for carrying out the receipt and release of electrons in accordance with an oxidation-reductipn reaction of 
a compound to take out an electric energy, and an electrolyte, a solid electrolyte or a gel electrolyte, wherein a com- 
pound constituting the electrodes is a tc -conjugated polymer including a nitrogen atom and/or a qui none compound; the 
electrolyte, the solid electrolyte or the gel electrolyte contains a proton; and the receipt and release of the electrons in 
accordance with the oxidation-reduction reaction of the compound are carried out only by the bonding and elimination 
45 of the proton bonded to or coordinated with the nitrogen atom or the proton of a produced hydroxyl group under the con- 
trol of a proton concentration and a working voltage. 

[0009] The second aspect of the present invention is directed to a method for charging a polymer battery which com- 
prises the step of controlling a working voltage so that the receipt and release of electrons in accordance with an oxi- 
dation-reduction reaction of a compound may be carried out only by the bonding and elimination of a proton bonded to 
so or coordinated with a nitrogen atom or a proton of a produced hydroxyl group. 

[0010] The polymer battery of the present invention enables rapid charge and discharge and is excellent In cycle prop- 
erties. 

[0011] The reason why the rapid charge and discharge is possible is that a proton regarding the present invention has 
a larger diffusion coefficient in an aqueous solution as compared with a cation of an alkali metal or an alkaline earth 
55 metal for use In a converrtional battery. 

[0012] The reason why the excellent cyde properties are obtained is that the proton regarding the present invention 
has a smaller size as compared with a cation of an alkali metal or an alkaline earth metal, or an anion which can form 
a salt with the cation; a volume change and a structure change of an electrode active material by the adsorption and 
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desorption of the proton are slight; an anionic dopant scarcely moves under a working voltage regarding the present 
invention, so that the volume change and the structure change of the electrode active material scarcely occur; and the 
increase of a contact resistance between an electrode active material and a current collector caused by the volume 
change of the active material can be inhibited. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] 

Fig. 1 is a schematic sectional view of a polymer battery of the present invention. 

Fig. 2 is a cyclic voltamogram. in a 1 M polyvinylsulfonic add solution, of a polyaniline used in the present invention 
(a sweep rate = 10 mV/sec). 

Fig, 3 is a schematic view of a measuring cell which can be used to inspect the electrochemical properties of an 
electrode active material of the polymer battery. 

Fig. 4 is a cyclic voltamogram, in a 0.5 M trif luoroacetic acid propylene carbonate solution, of a polyaniline electrode 
used in the polymer battery of the present invention (a sweep rate = 10 mV/sec). 

Fig. 5 is a cyclic voltamogram of a polypyridine electrode used in the polymer battery of the present invention (a 
sweep rate = 10 mV/sec). Fig. 5 (a) is the cyclic voltamogram in a 1 M aqueous polyvinylsulfonic add solution, and 
Fig. 5 (b) is the cyclic voltamogram In the 0.5 M trifluoroacetic acid propylene carbonate solution. 



DETAILED DESCRIPTION OF THE INVENTION 

[0014] Next, the present invention will be described in more detail in accordance with examples. 
[0015] In a polymer battery of the present invention, the undermentioned polymer or compound is used as an elec- 
25 trode active material, and charge and discharge are carried out by the adsorption and desorption of a proton of the elec- 
trode active material. As a positive active material and a negative active material, therefore, there can be used a 
polymer or a compound which can be concerned only with the adsorption and desorption of the proton in an oxidation- 
reduction reaction thereof. 

[0016] The compound (the active material) constituting a pair of electrodes for the polymer battery of the present 
30 invention is a 7i-conjugated polymer including a nitrogen atom, or a quinone compound. Both of a positive pole and a 
negative pole may be made of either of these compounds, or the positive pole may be made of one compound and the 
negative pole may be made of the other compound. Alternatively, one electrode may be made of both the compounds. 
[0017] The ic-conjugated polymer induding the nitrogen atom is preferably a polymer having an amino group in the 
molecule. Examples of the jc-corqugated polymer include aromatic polyamlnes such as polyanilines represented by 



45 the following formula and their derivatives: 

[001 8] Furthermore, other preferable examples of the it-conjugated polymer including the nitrogen atom are polymers 
having the nitrogen atom in an aromatic ring. Examples of such polymers include polypyrroles. polypyridines and 
polypyrimidines represented by the following formulae, and derivatives thereof: 
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[0019] As the polyanilines and their derivatives which can be used in the present invention, compounds prepared by 

30 a chemical polymerization are preferable. This reason is as follows. 

[0020] The polyaniline or the like, when reduced, becomes an insulating state. Therefore, it is necessary to add a con- 
ductive additive (a conductive auxiliary) to the electrodes, but this conductive additive cannot be uniformly dispersed in 
the electrodes, because the polyaniline or the like prepared by electrolytic polymerization is in the form of a film. On the 
contrary, the polyaniline or the like prepared by chemical polymerization can easily be obtained in a powder state, and 

35 hence, the conductive additive can be uniformly mixed and dispersed in the electrodes and its amount can also be 
optionally controlled. Therefore, in the case that the polyaniline or the like prepared by the chemical polymerization is 
used, the resistance of the electrodes can be controlled by adding the conductive additive, even when the polyaniline 
or the like becomes a reduced state, so that a battery which enables the rapid charge and discharge can be prepared. 
[0021] Examples of the quinone compound include benzoquinones. naphthoquinones, anthraquinones and indan- 

40 thrones represented by the following formulae, and derivatives thereof: 
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Wherein each R is independently a hydrogen atom, an alkyt group, a phenyl group, a hydroxyl group, an alkoxy group. 

35 a nitro group, a sulfonic group, an amino group, a halogen atom or a cyano group. 

[0022] As a dopant which can be used as the above-mentioned active material and which can express the conduc- 
tivity of the polymer, either of an organic compound and an inorganic compound can be used, and any dopant can be 
used without limitation, so long as the polymer can be doped therewith. The compound having the hydroxyl group which 
can be used as the above-mentioned active material can be mixed with carbon or the like as the conduaive auxiliary. 

40 [0023] As an electrolyte for use in the battery of the present invention, there can be used an aqueous solution or a 
non-aqueous solution including the proton source, or a solid electrolyte or a gel electrolyte having a proton conductivity, 
and no particular restriction is put on the kind of electrolyte. 

[0024] Next, the present invention will be described in more detail in accordance with examples, but the scope of the 
present invention should not be limited to these examples. 

45 

Ex9mple 1 

[0025] Fig. 1 is a schematic sectional view of a first embodiment of a polymer battery of the present invention. 
[0026] Both of a positive pole active material 2 and a negative pole active material 3 in Rg. 1 are a polyaniline doped 

so with polyvinylsulfonic acid (hereinafter referred to as "PAn/PVS"). and the positive and negative poles have a thickness 
of 50 Jim, respectively. The positive pole active material 2 and the negative pole active material 3 are each impregnated 
with a 1 M aqueous polyvinylsulfonic acid (PVSA) solution which is an electrolyte 4. Furthermore, these pole active 
materials are formed into films on a cun-ent colleclor 1 comprising a conductive film, and they are arranged so as to face 
each other via an ion-permeable insulating porous separator 5 having a thickness of 25 tim. Here, the films of the active 

55 material on the current collector are utilized as electrodes. 

[0027] The preparation of the polymer battery regarding this embodiment comprises the three steps of (1 ) the forma- 
tion of the electrodes. (2) the pretreatment of the electrodes, and (3) the assembly of the battery. Next, the respective 
steps wilt be described. 
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[0028] Firstly, the formation of the electrodes for use in the polymer battery of this embodiment will be described as 
the step (1). 

[0029] In Fig. 1 . the positive pole active material 2 and the negative pole active material 3 are a polyaniline doped with 
polyvinylsulfonic acid (PAn/PVS) which is an organic dopant. This PAn/PVS was obtained by adding a 6 M aqueous 
5 PVSA solution to an undoped polyaniline powder prepared by chemical polymerization, allowing the mixture to stand 
for 6 hours in a hot bath at 70°C, followed by washing and drying. 

[0030] A DMF solvent was added to a mixture of 80% by weight of this PAn/PVS powder, 5% by weight of a cartx)n 
powder as a conductive auxiliary and 15% by weight of polyvinylidene fluoride (PVDF) as a binder, and they were then 
mixed, thereby preparing a slurry. 
10 [0031] Next, this slurry was formed into films on the current collector 1 by a screen printing method, and the resultant 
films were then dried at 120°C for 30 minutes to obtain electrodes of 2x2 cm^. 

[0032] Afterward, the positive pole active material 2 and the negative pole active material 3 were impregnated with a 
1 M aqueous PVSA solution as the electrolyte 4 for 15 minutes under reduced pressure. 

[0033] Next, the pretreatment of the electrodes which is the step (2) will be described with reference to Figs. 2 and 3. 
75 [0034] Fig. 3 is a schematic view of a measuring cell used to inspect the electrochemical properties of the electrode 
active material. In the measuring cell of Fig. 3, a 1 M aqueous PVSA solution, a silver/silver chloride electrode and a 
PAn/PVS electrode were used as an electrolyte 34, a reference electrode 31 and a work electrode 32. respectively, and 
the electrochemical properties of the PAn/PVS electrode were confirmed. 

[0035] Fig. 2 is a cyclic voltamogram (hereinafter abbreviated to "CV") of the PAn/PVS electrode measured by the use 

20 of the measuring cell of Fig. 3. 

[0036] Firstly, a natural potential of the PAn/PVS electrode was measured by the use of the measuring cell of Fig. 3. 
At this time, the potential was about +0.35 V. Next, to the reference electrode 31 , the potential was swept from the nat- 
ural potential to +0.5 V toward an oxidation side. In succession, the potential was swept to +0.05 V toward a reduction 
side, and it was then swept toward the oxidation side again. The CV obtained by repeating this potential sweep of from 

25 +0.05 V to +0.5 V is shown in Fig. 2 (a). Similarly the CV obtained by repeating the sweep of from +0.05 V to +0.8 V is 
shown in Fig. 2 (b). It was confirmed in Fig. 2 (b) that peak current values on the reduction potential side decreased 
every the repetition of the sweep [arrows in Fig. 2 (b)]. Therefore, it was confirmed that an oxidation-reduction reaction 
which occurred at +0.5 V or more was an in-eversible reaction and the deterioration of the polyaniline took place. 
[0037] In this example, an oxidation peak in the vicinity of +0.4 V in Fig. 2 (a) was used as a charging reaction at the 

30 positive pole, and a reduction peak in the vicinity of +0.1 V was used as a charging reaction at the negative pole. 

[0038] Furthermore, since the natural potential of this electrode active material is In the vicinity of +0.35 V, there is a 
possibility that a potential at which the irreversible reaction occurs Is applied to the positive pole, when the charging is 
started from the natural potential. Thus, prior to the preparation of the battery, the following pretreatment of the elec- 
trode active material was carried out to prevent the peroxidation of the positive pole. That Is to say in this example, as 

35 the pretreatment of the electrode active material, there was conducted a treatment of applying +0.5 V to the electrode 
on the positive pole side and +0.1 V to the electrode on the negative pole side for 5 minutes, respectively, by the use of 
the measuring cell of Fig. 3. 

[0039] Lastly, as the step (3) (the assembly of the battery), the charged positive pole and negative pole which had 
been subjected to the above-mentioned pretreatment were arranged so as to face each other via a separator 5 shown 
40 in Fig. 1 . thereby conrpleting the battery. 

Working principle of the polymer battery of Example 1 : 

[0040] The working principle of the polymer battery of this example having the constitution in Fig. 1 will be described 
45 with reference to Fig. 2 and the following formula: 
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[0041] The above-mentioned formula exhibits the charge and discharge mechanism of the polymer battery in which 
the PAn/PVS is used as the positive pole active material. In the polyaniline, an electron on a nitrogen atom is drawn by 
an oxidation reaction, and a proton bonded to or coordinated with the nitrogen atom is eliminated from and then 
released into the electrolyte, so that the aromatic polyaniline changes into a quinoid structure. This oxidation reaction 
is the charge mechanism of the positive pole. 

[0042] Furthermore, the polyaniline receives the electron from the cun*ent collector, and the proton in the electrolyte 
is adsorbed on the nitrogen atom, so that the polyaniline having the quinoid structure changes into the aromatic type, 
whereby a reduction reaction occurs. This reduction reaction is the discharge mechanism of the negative pole. 
[0043] When the PAn/PVS is used as the negative pole active material, the charge and discharge mechanism is oppo- 
site to the above-mentioned mechanism. That is to say. the reduction reaction is the charge mechanism and the oxida- 
tion reaction is the discharge mechanism. 

[0044] The aromatic polyaniline is in an insulating state, but when it takes the quinoid structure, an electron conduc- 
tivity of the polyaniline can be expressed [this corresponds to a reaction (I) of the above-mentioned formula at the oxi- 
dation peak in Fig. 2 (a)]. When the oxidation is further carried out. an anion in the electrolyte is doped (this conresponds 
to a reaction (II) of the above-mentioned formula at a second oxidation peak which appears on the oxidation potential 
side in Fig. 2 (b)], and the polyaniline transfers to the insulating state again, but this reaction in the aqueous solution is 
the irreversible reaction as described above. Therefore, when the second oxidation-reduction reaction is utilized, good 
cyclic properties cannot be obtained. 

[0045] Thus, the polymer battery of the present invention is a battery in which much attention is paid to the above- 
mentioned electrode reactions, and the first oxidation-reduction reaction for giving the reversibility, i.e.. the charge and 
discharge mechanism due to the bonding and elimination of the proton Involving the electron transfer of the active mate- 
rial can be only utilized. 
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Effects of Example 1 : 

[0046] The test results regarding the charge and discharge performance and the cyclic properties of the polymer bat- 
tery of Example 1 regarding the present invention are shown in Table 1 together with the results of batteries of under- 
5 mentioned Comparative Examples 1 and 2 prepared by conventional techniques. In this connection, test conditions are 
also shown in Table 1 . Each capacity in Table 1 is converted by a weight of the electrode active materials (a total weight 
of both the electrodes). A capacity appearance ratio means a ratio of the obtained capacity with respect to a theoretical 
capacity. 

[0047] In the battery of Comparative Example 1 . the capacity largely decreases with the increase of a discharge rate, 
10 and in the battery of Comparative Example 2, a dischargeable current is very small. These results mean that in the bat- 
teries of Comparative Examples 1 and 2, the rapid charge and discharge are impossible. 

[0048] On the contrary, in this example, the decrease ratio of the capacity is low. even when the discharge rate 
increases. In addition, the capacity appearance ratio after 1000 cycles is higher than an initial value of Conparative 
Example 1 , and the deaease ratio to an initial value of this example is also low. That is to say, it is apparent from the 
15 results of Table 1 that the tottery of this example permits the rapid charge and discharge and is excellent in the cyclic 
properties. 



Table 1 



20 




Conditions of 
Charge and Dis- 
cnarge 


Capacity (F/g) 


Capacity Appear- 
ance Ratio (%) 


Energy Density 
(Wh/Kg) 


Capacity Appear- 
ance Ratio (%) 


25 


Example 1 


Charge: 0.4 V. 
ouu sec 














Discharge: 0.1 C 


177 


85 


3.9 


67 






1 C 


167 


80 


3.7 


68 






5C 


152 


73 


3.4 


59 


30 


Example 2 


Charge: 0.6 V, 
300 sec 














Discharge: 0.1 C 


129 


93 


6,5 


73 


35 


Exanrple 3 


Charge: 0.8 V, 
300 sec 














Discharge: 0.1 C 


43 


13 


7.6 


9 






1 C 


43 


13 


7.6 


8 


40 


Example 4 


5C 

Charge: 3.0 V, 
300 sec 


37 


11 


6.4 


6 






Discharge: 0.1 C 


20 


22 


49 


15 


45 


Exanple 5 


Charge: 0.5 V, 
300 sec 














Discharge: 0.1 C 


251 


75 


8.7 


55 


SO 


Example 6 


Charge: 0.4 V. 
300 sec 














Discharge: 0.1 C 


48 


23 


1.1 


10 



55 
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Table 1 (continued) 





Conditions of 
Charge and Dis- 
charge 


Capacity (F/g) 


Capacity Appear- 
ance Ratio (%) 


Energy Density 
(Wh/Kg) 


Capacity Appear- 
ance Ratio (%) 
after lOOOcycles 


Example 7 


Charge: 0.4 V. 
300 sec 












Discharge: 0.1 C 


201 


92 


4.5 


81 






199 


91 


4.4 


79 




5 C 


188 


86 


4.2 


75 


Ck>mp. Ex. 1 


Charge: 1 .2 V. 

www 












ni^charcie* 0 1 C 


7.0 


5 




3 




2C 


5.6 


4 


- 


1 




5C 


4.2 


3 




0.01 


Comp. Ex. 2 


Charge: 2,0 V. 
300 sec 












Discharge: 0.1 C 


29 


52 




27 




5C 


7.8 


14 




8 



[0049] Next, the reason why the above-mentioned effects can be obtained will be described. 
[0050] For the first effect that the rapid charge and discharge are possible, two reasons are present. The first reason 
Is as follows. A rate-determining step of the charge and discharge of the battery is the transfer of an ion. but the proton 
regarding the charge and discharge of the polymer battery according to the present invention has a larger diffusion 

30 coefficient than an alkali metal ion or an alkaline earth metal ion which can be used In a conventional battery. The sec- 
ond reason is as follows. Since the ion size of the proton is small, a volume change of the polyaniline by the proton 
bonding and elimination in the polymer is small, and at a working voltage regarding the present invention, the anionic 
dopant scarcely transfers, so that the volume change of the polyaniline is scarcely present. That is to say if the ion size 
is large, a mechanical stress which is loaded onto the polymer is large when the ion is adsorbed into and desorbed from 

35 the polymer, and when the anionic dopant transfers to diffuse inside and outside the electrodes, and in consequence, 
the drop of a reaction rate and the deterioration of the polymer are caused. In the present invention, however, the proton 
having the small ion size is bonded and eliminated with the electron transfer, and the anionic dopant does not transfer. 
Hence, the above-mentioned problems do not rise. For the above-mentioned reasons, the good rapid charge and dis- 
charge are possible. 

40 [0051 ] . For the second effect that the good cyclic properties can be obtained, two reasons are present. The first reason 
is as follows. Since the ion size of the proton is small, a volume change and a structure change of the electrode active 
material by the bonding and elimination of the proton are smaller as compared with other ions, and at the working volt- 
age regarding the present invention, the anionic dopant scarcely transfers, so that the volume change and the structure 
change of the electrode active material scarcely take place. In addition, there can he inhibited the increase of a contact 

45 resistance between an active material layer and a cun^ent collector surface which is caused by the volume change of 
the active material. The second reason is as follows. In the case that the polyaniline is used, the peroxidation of the 
polyaniline occurs at the second oxidation peak in the aqueous solution, and therefore the in^eversible reaction is con- 
tained therein. In the polymer battery off the present invention, however, the first oxidation peak in which any peroxida- 
tion does not occur is utilized. For the above-mentioned reasons, the good cyclic properties can be obtained. 

so 

Examole 2 

[0052] The same procedure as in Example 1 was conducted except that a propylene cartxjnate (PC) solution con- 
taining 0.5 M trrf luoroacetic add as a proton source was used as an electrolyte and the pretreatment of electrodes was 
55 can-ied out in the undermentioned manner, thereby preparing about the same polymer battery as in Example 1 . 

[0053] Fig. 4 is a CV of a PAn/PVS electrode measured by a measuring cell of Fig. 3 in which a silver wire was used 
as a reference electrode. In a non-aqueous solution, an oxidation-reduction reaction [which corresponds to a reaction 
(II) of the above-mentioned formula] on the oxidation potential side of the polyaniline was reversible. In a potential 
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sweep range in Fig. 4. the deterioration of the polyaniline was not confirmed. Therefore, this oxidation-reduction reac- 
tion in the vicinity of +0.8 V can be considered to be the reversible reaction. It can be confirmed from Fig. 4 that a poten- 
tial difference between a potential of the oxidation-reduction reaction on the side of a reduction potential and that of the 
oxidation-reduction reaction on the side of the oxidation potential is larger than in the case of Fig. 2 (b). In this example, 
5 therefore, a working voltage larger than In Example 1 can be taken. 

[0054] In this example, as the pretreatment of the electrode active material. +0.5 V was applied to a silver wire as a 
positive pole and -0. 1 V was applied to a negative pole to charge the electrode active material, and a battery was then 
prepared in the same manner as in Example 1 . 

10 Working principle of the polymer battery of Example 2: 

[0055] The oxidation-reduction reaction in the non-aqueous solution of the polyaniline is different from a reaction in 
an aqueous solution, and the oxidation-reduction reaction on the oxidation potential side is a reversible reaction. How- 
ever, in the battery of the present invention, the Ixjnding and elimination of the proton are utilized, and a second oxida- 
15 tion reduction peak by the doping and dedoping of an anion is not always utilized, in consequence, the working principle 
of the polymer battery of this example is the same as in Example 1 . 

Effects of Example 2: 

20 [0056] The test results regarding the charge and discharge performance and the cyclic properties of the polymer bat- 
tery of Example 2 regarding the present invention are shown in Table 1 (test conditions are also shown in Table 1). 
[0057] In the battery of this example, a capacity appearance ratio after 1 000 cycles was 78% of an initial value, which 
means that a decrease ratio was low. Also in this example, the good cyclic properties could be obtained. As compared 
with conventional batteries shown in the comparative examples, the cyclic properties were more excellent. 

25 [0058] Furthermore, a working voltage was larger as compared with that of Example 1 , and an energy density was 
inrproved. This reason is that in the PC solution, a potential difference between the oxidation-reduction reaction on the 
reduction potential side by the adsorption and desorption of the proton and the oxidation-reduction reaction on the oxi- 
dation potential side by the doping and dedoping of the anion is large, and these reactions are reversible, so that tiie 
working voltage can be set to about 0.6 V which is larger than 0.4 V in Example 1 . 

30 

Example 3 

[0059] The same procedure as in Example 1 was conducted except that a polypyridine doped with polyvinylsulfonic 
acid (hereinafter abbreviated to "Ppy/PVS") was used as a negative pole active material in place of a PAn/PVS and its 

35 pretreatment was carried out in the undermentioned manner, tiiereby preparing a polymer battery. However, since the 
theoretical capacity of the polypyridine was about 4 times as much as that of a polyaniline, a weight balance between 
a positive pole and a negative pole was constituted In such a weight ratio as to obtain a maximum capacity per unit 
weight. That is to say. the weight of the positive pole to that of tiie negative pole was set to 4:1. Moreover, from this 
weight ratio, a theoretical capacity was calculated. 

40 [0060] The Ppy/PVS which was the negative pole active material was prepared as follows. To a polypyridine powder 
obtained by chemical polymerization, a 6 M aqueous PVSA solution was added, and tiie mixture was then allowed to 
stand in a hot bath at 70**C for 6 hours to cary out doping. Next, this Ppy/PVS was washed and dried to obtain a 
Ppy/PVS powder. A DMF solvent was added to a mixture of 80% by weight of this Ppy/PVS powder. 5% by weight of a 
carbon powder and 15% by weight of polyvinylidene fluoride (PVDF) as a binder, and they were tiien mixed, thereby 

45 . preparing a slurry. Next, this slurry was formed into films on a current collector by a screen printing method, and the 
resultant films were then dried at 120°C for 30 minutes to obtain electrodes. 

[0061] Fig. 5 (a) is a CV in a 1 M aqueous PVSA solution of the Ppy/PVS measured by a measuring cell of Rg. 3. In 
order to utilize the Ppy/PVS as the negative pole active material, -0.3 V was applied to a reference electrode as the pre- 
treatment, and the battery was then prepared in the same manner as in Example 1 . 
50 [0062] Working principle of the polymer battery of Example 3: 

[0063] Since a PAn/PVS was used as the positive pole active material and the aqueous solution system was 
employed, the working principle was the same as in Example 1 . 

[0064] Next, the charge and discharge of the electrode in which tiie polypyridine was used as tiie negative pole active 
material will be described. When tiie polypyridine doped with polyvinylsulfonic add (Ppy/PVS) was used as the negative 
55 pole active material, a reaction mechanism was as follows. 
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[0065] Also in the case of the polypyridine. the charge and discharge are carried out by the bonding and elimination 
of a proton on a nitrogen atom. By a reduction reaction, the polypyridine receives an electron, and the proton in the solu- 
tion is bonded to or coordinated with the nitrogen atom. This is a charge mechanism. Furthermore, by an oxidation reac- 
tion, the electron is drawn from the nitrogen atom, and the proton is eliminated into and released to the solution. This is 
a discharge mechanism. 

Effects of Exanple 3: 

[0066] The test results regarding the charge and discharge performance and the cyclic properties of the polymer bat- 
tery in this example are shown in Table 1 (test conditions are also shown in Table 1). In the battery of this example, the 
good cyclic properties are obtained even after 1000 cycles. Furthermore, in this example, an energy density is more 
improved than in Example 1 . This reason is that an oxidation- reduction potential of the polypyridine is closer to a neg- 
ative potential side than a first oxidation-reduction potential of the polyaniline. and so a working voltage can be set to a 
larger value than in Example 1 . 



Example 4 

[0067] The same procedure as in Example 3 was conducted except that the 1 M aqueous PVSA solution was 
replaced with a PC solution including 0.5 M of trifluoroacetic acid as an electrolyte for a battery, thereby preparing the 
battery. An electrode active material for a positive pole was prepared in a manner described in Example 1 and an elec- 
trode active material for a negative pole was prepared in a manner described in Example 3. Also in this example, since 
the theoretical capacity of a polypyridine was about 4 times as much as that of a polyaniline. a weight balance between 
the positive pole and the negative pole was constituted in such a weight ratio as to obtain a maximum capacity per unit 
weight. That is to say. the weight of the positive pole to that of the negative pole was set to 4:1. Moreover, from this 
weight ratio, the theoretical capacity was calculated. 

[0068] Fig, 5 (b) shows a CV of a Ppy/PVS electrode measured by a measuring cell of Fig. 3 in which a silver/silver 
ion electrode is used as a reference electrode. 

[0069] The pretreatment of the electrodes was carried out by applying +0.5 V to a PAn/PVS of the positive pole and 
-2.5 V to a Ppy/PVS of the negative pole with respect to the reference electrode by the use of the measuring cell of Fig. 
3 in the PC solution including 0.5 M of trifluoroacetic add. The battery of this example was assembled by the same pro- 
cedure as in Example 3. • i- i o 
[0070] In this example, the working principle regarding the PAn/PVS of the positive pole is the same as in Example 2. 
and the working principle regarding the Ppy/PVS of the negative pole Is the same as in Example 3. 
[0071 ] The test results regarding the charge and discharge performance and the cyclic properties of the polymer bat- 
tery in Example 4 are shown in Table 1 (test conditions are also shown in Table 1). In the battery of this example, an 
energy density is remarkably improved. This reason is that a working voltage can be set to a large value. 

so Example 5 

[0072] An aqueous solution system battery was prepared in which a PAn/PVS was used as a positive pole and 
anthraquinone was used as a negative pole. The positive pole was prepared in the same manner as in Example 1 . 
[0073] Since anthraquinone which was used as the negative pole active material was not a conductive polymer, car- 
55 bon was added as a conductive auxiliary and a binder was further added, followed by mixing, and the electrodes having 
an electrical conductivity were prepared as follows. A DMF solvent was added to a mixture of 50% by weight of an 
anthraquinone powder. 40% by weight of a carbon powder and 10% by weight of PVDF as a binder, thereby preparing 
a slurry. The thus prepared slurry was fomned into a film on a current collector by a screen printing method, and the 
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resultant film was then dried at 1 20°C for 30 minutes to obtain the electrode having a thickness of 50 ^m. 
[0074] Next, this electrode was impregnated with a 1 M aqueous PVSA solution in vacuo, and as the pretreatment of 
the electrode. +0.5 V was applied to the positive pole and 0 V was applied to the negative pole with respect to a refer- 
ence electrode by the use of a measuring cell of Fig. 3. whereby the electrodes were charged. Aftenward. the battery of 
5 this example was assembled by the same procedure as in Example 1 . 
[0075] Working principle of the polymer battery of Example 5: 

[0076] Since the aqueous solution system is employed as an electrolyte in Example 5. the working principle of the 
PAn/PVS electrode which is the positive pole is the same as in Example 1. 

[0077] Next, the reaction of anthraquinone used as the negative pole will be described. The following formula shows 
10 the reaction mechanism of anthraquinone. 



75 




[0078] When anthraquinone is oxidized, an electron at a double bond site is drawn, so that the bond is cleaved and 
25 an oxygen atom has a negative charge. Then, a proton in the solution is bonded thereto to form a hydroxyl group. This 
Is a discharge mechanism in the case that anthraquinone is used as the negative pole active material. Furthermore, 
when reduction is carried out. the oxygen atom forms the double bond again, and the proton is released into the solu- 
tion. This is a charge mechanism in the case that anthraquinone is used as the electrode. 

[0079] The test results regarding the charge and discharge performance and the cyclic properties of the polymer bat- 
so tery in this exanple are shown in Table 1 (test conditions are also shown in Table 1). In the battery of this example, a 
capacity appearance ratio after 1 000 cycles was 73% of an initial value, which meant that a decrease ratio was low, so 
that the good cyclic properties could be obtained. 

[0080] In this example, an energy density is more improved than in Example 1 . This reason is that a theoretical capac- 
ity is larger as compared vvith that of Example 1 . Anthraquinone has two reaction sites in one molecule, and its oxida- 
35 tion-reduction reaction is a two-electron reaction. Therefore, the capacity per unit weight increases, so that an effect 
that the energy density is improved can be obtained. 

Example 6 

40 [0081] In a t3attery of Example 6, a 1 M PVSA electrolyte for a battery of Example 1 is replaced with a gel electrolyte 
obtained by adding a small amount of a PC solution including 0.5 M of trif luoroacetic acid used in Example 2 to a proton 

conductive solid electrolyte Naphion (registered trademark). 

[0082] The oxidation-reduction reaction of the electrodes in the polymer battery of this example is the same as in 
Exanple 1 . but the feed of the proton to the electrodes and the release of the proton from the electrodes can be carried 

45 out through the gel electrolyte instead of the solution. 

[0083] The test results regarding the charge and discharge performance and the cyclic properties of the polymer bat- 
tery in this example are shown in Table 1 <test conditions are also shown in Table 1). In the battery of this example, a 
capacity appearance ratio is somewhat lower than in Example 1 in which the solution electrolyte is used. This result is 
due to a fact that the ion conductivity of the gel electrolyte is several figures lower than that of the solution. 

50 [0084] In this example, the employment of the gel electrolyte can inhibit a liquid leakage from the battery. In addition, 
owing to the inhibition of the liquid leakage, a metallic sheath is no necessary any more, so that a simple sheath ^ 
acceptable, which permits the preparation of a film-like flexible battery. 

Example 7 

55 

[0085] A battery of Example 7 uses electrodes obtained by mixing anthraquinone with the electrode active nnaterial 
in Example 1 and then forming films therefrom. 

[0086] A PAn/PVS powder was prepared in the same manner as in Example 1 . A DMF solvent was. added to a mixture 
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of 70% by weight of this PAn/PVS powder. 1 0% by weight of anthraquinone. 5% by weight of a carbon powder as a con- 
ductive auxiliary and 1 5% by weight of polyvinylidene fluoride (PVDF) as a binder, and they were then mixed to prepare 
a slurry. The thus prepared slurry was formed into films on a current collector by a screen printing method, and the 
resultant films were then dried at ^20'*C for 30 minutes to obtain the electrodes. 

5 [0087] In the polymer battery of this example, a 1 M aqueous PVSA solution was used as an electrolyte. A positive 
pole active material and a negative pole active material on a cun-ent collector were impregnated with the electrolyte for 
1 5 minutes in vacuo, and a pretreatment was can-ied out in the same manner as in Example 1 to charge the electrodes. 
Aftenward. these electrodes were arranged so as to face each other via a separator to complete the battery. 
[0088] The quinone compound used in the present invention functions as a mediator for facilitating the receipt and 

10 release of a proton between the electrolyte and the electrode active material. In this mediate function, an oxidation- 
reduction reaction rate can be facilitated by an interaction between a nitrogen atom of a polyaniline and an oxygen atom 
of anthraquinone. 

[0089] The test results regarding the charge and discharge performance and the cyclic properties of the polymer bat- 
tery in this example are shown in Table 1 (test conditions are also shown in Table 1). 

75 [0090] The first effect, which the battery of this example has. Is to improve an energy density. This reason Is that the 
quinone in which two electron reactions are carried out per molecule is composed, and hence a theoretical capacity Is 
large, and in addition, the reaction is facilitated by the catalytic function of a positive electric charge of a nitrogen atom 
of the polyaniline and a negative electric charge of hydroquinone present in the vicinity of a reaction site, whereby a 
capacity appearance ratio is improved. 

20 [0091] The second effect is that a decrease ratio of a discharge capacity Is low even when a discharge rate is 
increased. This reason is that the oxidation -reduction reaction is facilitated by the catalytic function of the positive elec- 
tric charge of the nitrogen atom of the polyaniline and the negative electric charge of hydroquinone present in the vicin- 
ity of the reaction site, whereby the reaction can follow rapid charge and discharge. 

[0092] As the third effect, a capacity appearance ratio after 1 000 cycles was 88% of an initial value, which meant that 
25 the decrease ratio was very low. Accordingly, in this exanple. the good cyclic properties could be obtained, as in the 
other examples of the present invention. 

Connparative Examole 1 

30 [0093] As the constitution of a battery, an electrolytically polymerized polyaniline electrode using an organic dopant 
was used as a positive pole material, and zinc was used as a negative pole material. As an electrolyte, an aqueous 
solution was used. 

[0094] The battery of this comparative example was poor in cyclic properties, as shown in Table 1 This reason is that, 
in the oxidation-reduction reaction in the aqueous polyaniline solution, a cycle operation is can-led out until 0.8 V vs. 
35 SCE at which an irreversible reaction occurs at a second oxidation peak, and hence. It can be considered that the per- 
oxidation of the polyaniline occurs. 

[0095] Moreover, the battery of this comparative example was heavy and had a low energy density. This reason is 
that a metal having a specific gravity larger than any organic compound used in the present invention is used. 

40 Comparative Examole 2 

[0096] According to the constitution of a battery of this comparative example, a polyaniline was used as a positive 
pole, and carbon was used as a negative pole. As an electrolyte, there was used a mixed solvait of propylene carlxin- 
ate containing lithium perchlorate and propylene carbonate. 
45 [0097] The battery of this comparative example could not realize rapid charge and discharge. Because the doping of 
an anion is done in the positive pole and a reaction by the Intercalation of a cation into the negative pole Is carried out 
in the negative pole. 

[0098] The battery of this comparative example was poor In cycle properties as shown in Table 1 . The reason why the 
good cycle properties are not obtained is that the above-mentioned doping and Intercalation are accompanied by the 
50 volume change and the structure change of the electrode active material. 

Claims 

1. A polymer battery comprising at least a pair of electrodes for can-ying out the receipt and release of electrons In 
55 accordance with an oxidation-reduction reaction of a compound to take out an electric energy, and an electrolyte, 
a solid electrolyte or a gel electrolyte, wherein 

a compound constituting the electrodes Is a w-conjugated polymer Including a nitrogen atom and/or a quinone 
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compound; 

the electrolyte, the solid electrolyte or the gel electrolyte contains a proton; and 

the receipt and release of the electrons in accordance with the oxidation-reduction reaction of the compound 
are can-ied out only by the bonding and elimination of the proton bonded to or coordinated with the nitrogen 
5 atom or the proton of a produced hydroxy I group under the control of a proton concentration and a working volt- 

age. 

2. The polymer battery according to Claim 1 wherein the ic-conjugated polymer including the nitrogen atom which 
constitutes the electrodes is a polymer having an amino group in its molecule. 

10 

3. The polymer battery according to Claim 1 wherein the 7c-conjugated polymer including the nitrogen atom which 
constitutes the electrodes Is a polymer selected from the group consisting of polyanitines and derivatives thereof. 

4. The polymer battery according to Claim 1 wherein the 7c-conjugated polymer including the nitrogen atom which 
75 constitutes the electrodes is a polymer selected from the group consisting of polyanilines prepared by chemical 

polymerization and derivatives thereof. 

5. The polymer battery according to Claim 1 wherein the n-conjugated polymer including the nitrogen atom which 
constitutes the electrodes is a polymer having a nitrogen atom in its aromatic ring. 

20 

6. The polymer battery according to Claim 1 wherein the n-conjugated polymer including the nitrogen atom which 
constitutes the electrodes is a polymer selected from the group consisting of polypyn^oles. polypyridines. polypyri- 
mldrnes. and derivatives thereof. 

25 7. The polymer battery according to Claim 1 wherein the quinone compound which constitutes the electrodes is a 
compound selected from the group consisting of anthraquinones. naphthoquinones, benzoquinones, and deriva- 
tives thereof. . 

8. A method for charging a polymer battery described in Claim 1 which comprises the step of controlling a working 
30 voltage so that the receipt and release of electrons in accordance with an oxidation-reduction reaction of a com- 
pound may be carried out only by the bonding and elimination of a proton bonded to or coordinated with a nitrogen 
atom or a proton of a produced hydroxyl group. 

35 
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